In past two decades, modern industrial fabrication processes of semiconductors strongly rely on the plasma source generated by very high frequency power because of its benefits of high deposition and etching rates. In addition, large plasma chamber is needed in order to increase the production capacity. However, the underlying physics associated with high frequency power and large-scale plasma source are not well understood and cannot be easily obtained from the knowledge and experiences based on the small scale chamber design. One of the significant influences is the standing electromagnetic (EM) wave effect which induces the non-uniform properties on the wafer during processing. The difficulties of plasma diagnosis and measurement result in lengthy and expensive plasma source design process, traditionally based on the purely trial-and-error approach. Fortunately, the rapid advancement of high-performance computing provides an alternative that may address the above issues in a timely manner with relatively low cost.
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Although there are few excellent numerical tools 1, 2 can help to understand the interaction between plasma and EM waves associated with the production process, none of them have fully parallel implementation, which means very long computation time is needed to complete a real-scale simulation. In this study, we develop a parallel 2-D fluid modeling 3 considering the electromagnetic wave effect. The proposed fluid model includes the continuity equations with drift-diffusion approximation for all charged species, the continuity equations for neutral species and the electron energy density equation. The electric field induced by the power source a p p l i e d and the net charge in space is determined by the Maxwell's equation solver using the Finite Difference Time Domain (FDTD) method, in which Gauss's law, Ampere's law and Faraday's law are solved explicitly. The parallel performance will be presented in the meeting. The results of a large-scale Plasma Enhanced Chemical Vapor Deposition (PECVD) with a high-frequency power source and silane/hydrogen as precursors will also be presented as a demonstration case.
